Introduction
Tungsten oxide thin films have a number of applications e.g. electrochromic, photochromic displays, [1] photocatalysts, [2] [3] [4] gas sensors, [5] solar control coatings, [6] particularly when in thin film format. Such films are usually produced either by hydrolysis of a suitable precursor in a sol-gel protocol, [7] or by chemical vapour deposition (CVD) from a volatile precursor. [8] [9] [10] The properties of these films can be modified by the inclusion of a variety of additional metals, [11] [12] [13] which from a technological perspective require co-hydrolysis of two metal moieties (sol-gel) or a dual-source CVD approach. One variation which removes the practical difficulties of matching hydrolysis / decomposition rates is the use of a single-source precursor (SSP) which incorporates both metals in the same molecule. In this paper we explore the synthesis of W-O-M type compounds and their thermal decomposition to mixed metal oxides.
This preparation of heterometallic, heteroleptic acetylacetonate / alkoxide complexes of type M a M b (acac) x (OR) y has been widely used as a way of controlling the properties of the molecule by virtue of the distinct ligand types therein. [14] MAl 2 (acac) 4 (OPr i ) 4 (M = Co, Ni, Mg) were first synthesised by 10 (M = Co, Ni), [17] Co 2 Ti 2 (acac) 2 (OPr i ) 10 [18] and Co 2 Al 2 (acac) 4 (OPr i ) 6 [19] have been described. In particular, the interaction of M'(acac) 2 (M' = Co, Ni, Zn or Mg) with M(OMe) 5 (M = Ta, Nb) in a hydrocarbon solvent was found to provide M' 2 M 2 (acac) 2 (OMe) 12 Commercial Zn(acac) 2 .xH 2 O (x = 1.84; measured by TGA) was purchased from Aldrich and dried with dry toluene and subsequently evaporated; this process was repeated twice and the product sublimed twice under vacuum to provide an anhydrous Zn(acac). Co(acac) 2 , Ni(acac) 2 were purchased from Aldrich and were dried by vacuum sublimation. Mg(acac) 2 was prepared by refluxing magnesium metal with an excess of acetylacetone. The resulting slurry was filtered and the powder obtained was washed with boiling toluene and evaporated to dryness. Co(acac)(OMe), [22] Ni(acac)(OMe), [23] Mg(acac)(OMe) [24] were synthesised according to the literature procedures.
Complexes 1 -4 can be prepared by an adaptation of literature methodology previously used to successfully prepare analogous molybdenum compounds. [20] However, in the cases of 1 -3 an alternative route, in which M(acac)(OMe) M = Co, Ni, Mg) was first prepared and isolated, proved to be less wasteful of reagents and is described below; only in the case of 4 was this alternative procedure unsuccessful. 
Synthesis of Co

(acac, -C-).
Thermodecomposition under "Reaction under autogenic pressure at elevated temperatures" (RAPET)
The thermal decomposition under RAPET conditions of Co 2 W 2 O 2 (acac) 2 (OMe) 10 (1) and (3) were carried out in a 5 mL closed vessel cell. The cell was assembled from stainless steel Swagelok parts. A ½ inch union part was capped on both sides by standard plugs. For these syntheses, 0.5 g of 1 and 3 were introduced into the vessel at room temperature in a nitrogen atmosphere of the glove-box. The filled cell was closed tightly with the other plug and then placed inside an iron pipe in the middle of the furnace. The temperature was raised at a rate of 10°C per minute. The closed vessel reactor (Swagelok) was heated at 700°C for 2 h, then, gradually cooled (1°C / min.) to room temperature, opened with the release of a little pressure, and the residual dark black powder collected.
The total recovered mass of the above RAPET reactions are respectively 62% and 59%. All yields are relative to the weight of the starting materials.
Thermal decomposition in air
The decomposition in the air was carried out in a graphite reactor pot containing 0.5 g of Co 2 W 2 O 2 (acac) 2 (OMe) 10 (1) placed in the middle of a tube furnace. The temperature was raised at a rate of 10°C per minute. The graphite vessel was heated at 700°C for 1 h and then gradually cooled (1°C / min.) to room temperature, leaving a grey-blue powder product.
Crystallography
Experimental details relating to the single-crystal X-ray crystallographic studies are summarised in Table 1 . For all structures, data were collected on a Nonius Kappa CCD diffractometer at 150(2) K using Mo-K  radiation ( = 0.71073 Å). Structure solution followed by full-matrix least squares refinement and was performed using the WinGX-1.70 suite of programmes. [25] Corrections for absorption were made in all cases.
Results and Discussion
Following the methodology used to prepare the analogous molybdenum compounds, [20] heterobimetallic tungsten acetylacetonate alkoxides
Zn (4) Only in the case of M = Zn (4) did this approach fail, with NaZn(acac) 3 (6) being the only product isolated; 10 (M = Co, Ni, Mg, Zn) and M' = Ta and Nb. [20] . The discussion herein is restricted to the M = Co (1) as typical. We also now report the structure of Na[Zn(acac) 3 ] (6), formed unintentionally in the zinc variation of Eqn. 5. 6 is a known compound which has been the subject of infrared analysis but not structurally 8 characterized. [27, 28] . 6 adopts a linear polymeric structure in which both metals alternate along a threefold axis (Fig. 2) . The three acac groups coordinate in a tris-chelate manner to form a six-coordinate TEM (Fig. 6a) shows the product consists of both a light element (presumably carbon, as the light contrast image) along with embedded aggregates of nanoparticles (upto ca. 100 nm in width) containing heavier elements (CoWO 4 , which appear as the dark contrast image) and rods, which comprise a lighter element outer shell with a heavy element interior (Fig. 6b) as a minor component (Fig 6c) ; EDX of these rods, which can grow upto ca. 1000nm in length (Fig. 6c ) reveal only tungsten (and no cobalt), and appear to be WO x -filled carbon nanotubes, as we have observed in the decomposition of various tungsten aminoalkoxides. [31] In the case of the decomposition of 3 the product is tetragonal MgWO 4 ( Fig. 5 ) and seems more homogeneous in nature i.e. SEM shows small and large particulates but no rods (Fig. 7a) . TEM (Fig. 7b) again reveals both a light element component (presumably, again, carbon) and heavy element-containing nanoparticles, some of which grow into longer rods, albeit small in length (ca. 150 nm) compared to those from precursor 1; these rods, however, do contain both Mg and W by EDX, so seem to be MgWO 4 with no visual suggestion of these being encased within a carbon shell.
Conclusions
The bimetallic precursors W 2 M 2 (O) 2 (OMe) 10 
